ABSTRACT: Background: The ability to predict conversion to multiple sclerosis (MS) accurately when assessing a patient with a clinically isolated syndrome (CIS) is of paramount importance. Magnetic resonance imaging (MRI) is the best paraclinical tool currently available; however the significance of a history of an event suggestive of demyelination prior to CIS presentation has not been evaluated. Methods: A retrospective chart review of all optic neuritis cases presenting as CIS to a single neuro-ophthalmologist in London, Ontario between 1990 to 1998 was performed. Data were collected regarding demographics, past medical history, history of present illness, and family history. Conversion to MS was determined by the McDonald criteria after ten years of follow-up. Bayesian statistics and logistic regression were used to determine the best predictors of conversion to MS from CIS. Results: One hundred and sixteen optic neuritis subjects were included in the analysis. After ten years, 42.2% had converted to MS. The best predictor of future conversion remained at least one brain lesion, disseminated in space, on MRI (sensitivity 0.90, specificity 0.75). However, if the subject additionally had a history suggestive of a demyelinating event in the past that had not been confirmed clinically, the specificity increased to 0.96. These two traits taken together had an odds ratio of 27.8 for conversion to MS in the next ten years (p<0.001). Conclusions: A history of an event suggestive of demyelination prior to presenting with optic neuritis as CIS increases the ability of the clinician to predict conversion to MS in the next ten years.
The ability to predict conversion to multiple sclerosis (MS) correctly when assessing a patient with optic neuritis (ON) as a first demyelinating episode continues to be an important concern in clinical practice. This issue has become even more pressing with the approval of disease modifying treatment for clinically isolated syndromes (CIS), including optic neuritis. The groundbreaking Optic Neuritis Treatment Trial (ONTT), with its 10 and 15 year follow-up data published as the Longitudinal Optic Neuritis Study, demonstrated the importance of magnetic resonance imaging (MRI) and demographic characteristics in predicting the risk of conversion to MS following an episode of ON [1] [2] [3] , and has been supported by other studies [4] [5] [6] . Thus MRI has become the tool most often used to predict the risk of conversion to MS from CIS over ten years 5 . Yet, MRI characteristics still do demyelination. The revised McDonald criteria in 2005 acknowledge that the presence of such an event on history should trigger a search for objective findings, yet the panel did not endorse using subjective historical reports suggestive of demyelination, even if objective paraclinical findings are in place, to make a definitive diagnosis of MS 7 . Consequently, if this event cannot be confirmed, either on the current physical examination or with documented evidence of neurological signs at the time of the past event, it does not fit the McDonald revised criteria for dissemination in space and time 7 . We endeavored to investigate the predictive value of a history of an event suggestive of demyelination, unconfirmed with objective deficits or documentation of these symptoms, in the prediction of conversion to MS over a ten year follow-up period, in addition to MRI findings after an episode of ON.
METHODS

Case Identification and Data Collection
Only one practicing neuro-ophthalmologist was located in London, Ontario prior to 2007 for the catchment area of southwestern Ontario. Standard practice for all ON cases included an MRI study and referral to the London MS Clinic (University of Western Ontario, London, Canada) which provides specialized tertiary care for MS patients from its referral area of Southwestern Ontario.
A retrospective chart review of the neuro-ophthalmology charts was performed to identify subjects presenting with ON as a first demyelinating event between 1990 and 1998. Subjects with an established prior diagnosis of CIS or MS, or a confirmed demyelinating event in the past were excluded. Demographics, history of present illness, past medical history, family history, and physical exam findings pertaining to ON of the subject were collected at initial presentation. A history of an event suggestive of demyelination in the past was part of the standard history performed by the neuro-ophthalmologist. Such an event was defined by a symptom typical of demyelination, such as unilateral decreased vision, diplopia, unilateral or bilateral limb numbness/clumsiness or Lhermitte's symptom, present for at least 24 hours but had not been assessed by a physician at the time. Conversion to MS was determined, retrospectively, according to McDonald criteria for dissemination in time or space. Information on conversion to MS was based on chart reviews from the MS and neuro-ophthalmology clinic as well as MRI reports and the hospital chart. This study was approved by the University of Western Ontario Institutional Review Board.
Statistical Analysis
Bayesian statistics predicting conversion to MS were calculated in the traditional way: sensitivity = true positives/(true positive + false negatives), specificity = true negatives/(true negatives + false positives), positive predictive value = true positives/(true positives + false positives) and negative predictive value = true negatives /(true negatives + false negatives). Forward stepwise logistic regression models, with p to enter 0.05 and to exit 0.10, were used to determine which characteristics -including age at presentation, family history of MS, gender, and a history suggestive of a demyelinating event in the past -best predicted conversion to MS, with and without MRI at presentation included as a variable.
RESULTS
Demographics and History of Presentation
A total of 139 patients with a first presentation of ON were identified, of whom 15 did not have an initial MRI and eight were lost to follow-up; thus a full-case wise analysis was performed with the 116 subjects in the cohort. The mean age at presentation was 36.4 ± 10.2 years, 75.0% were female, 7.7% reported a family history of MS (3.4% in a first degree relative) and 24.1% had a history of symptoms suggestive of demyelination that had not been clinically confirmed at the time of the symptoms. More than half (68 subjects, 58.6%) were examined within two weeks of initial symptom onset and 92 (79.3%) continued to be symptomatic at that time. Seven subjects (6%) presented with bilateral ON, but otherwise the sample was equally divided between involvement of the left (55, 47.4%) and right (53, 45.7%) eyes. Initial MRI findings were as follows: 31 (26.7%) normal, 24 (20.7%) with ON only, 4 (3.4%) with one typical demyelination lesion other than in the affected optic nerve, 30 (25.9%) with one or more other lesion typical of demyelination but not meeting McDonald's criteria for dissemination in space and 27 (23.3%) met McDonald's criteria for dissemination in space. Over ten years, 49 subjects (42.2 %) converted to MS based on a second clinical event (35 subjects, 71.4%), laboratory support (3 subjects, 6.1%) or based on dissemination in space and time on a future MRI (11, 22.5%).
Bayesian Analysis
Results of statistical analysis are shown in Table 1 . Findings of dissemination in space on the initial MRI had a sensitivity of 0.43, but a specificity of 0.91 for correct prediction of conversion to MS in the next ten years. However, an MRI at presentation with at least one lesion typical of demyelination other than ON (i.e. disseminated in space from the clinical event), correctly predicted the conversion to MS with a sensitivity of 0.90 and a If the MRI at presentation fit McDonald's criteria for dissemination in space and the subject reported a history of past events suggestive of demyelination, few false positives were identified (specificity 0.97) although the false negative rate was high with a sensitivity of 0.12. If the MRI at presentation had at least one lesion suggestive of MS and the subject reported a history of past events suggestive of demyelination, the specificity continued to be high (0.96) with fewer false negatives cases (sensitivity 0.31).
Regression Analysis
Results of logistic regression are shown in Table 2 . Logistic regression demonstrated that MRI findings continue to be the strongest predictor of conversion to MS (p<0.001) with an odds ratio of 27.5. With MRI removed, the next most significant predictor of conversion to MS was a history of an episode suggestive of demyelination (p=0.049) with an odds ratio of 2.4. If the subject had at least one other lesion on MRI suggestive of dissemination in space, but not meeting McDonald's criteria with or without a history of a possible previous demyelination event, the odds ratio of converting to MS in the next ten years was 27.8 (p<0.001). The MRI at presentation and a history suggestive of demyelination together accounted for 50.2% of the variance in the model.
DISCUSSION
The correct identification of CIS subjects who will convert to MS continues to be an important yet not fully defined issue. Although other demyelinating lesions on MRI are a strong predictor of the future conversion to MS, MRI alone it is not sufficient. No single test has been found that can accurately predict conversion to MS in CIS patients. This is the first study, to our knowledge, that examines the predictive power of a past history of an event suggestive of demyelination. The astute clinician would often consider this history as an important sign that this patient does indeed have MS, but could not, based on the McDonald criteria, make this diagnosis. Although statistically significant, a previous history of an event suggestive of demyelination alone is not an accurate predictor, as the 95% CI of the odds ratio includes the null value (1.0), supporting its exclusion from the McDonald criteria. However, when coupled with an MRI that is suggestive of demyelination in space, a history of a potential event that fits criteria for dissemination in time and space decreases the number of false positives while maintaining a high positive predictive value of 0.81, suggesting that few ON patients presenting with these two findings will not convert to MS over ten years. As future revisions are made to diagnostic criteria, in light of new MRI techniques and better understanding of the pathophysiology of this disease, consideration of a history as described here may warrant inclusion. The ability to prognosticate the future risk of MS in CIS patients has become more important in light of recent research. Studies involving interferon-β and glatiramer acetate treatment after a CIS have consistently shown a delay in the time to next relapse compared to placebo [8] [9] [10] [11] . Additionally, early treatment with interferon β-1a has shown to slow the progression of atrophy, which has been found to be associated with cognitive impairment 12 . Yet, these medications are costly and all require self-injection, either subcutaneously or intramuscularly, and have adverse events ranging from mild skin changes to fulminant liver failure [13] [14] [15] . Thus, advising an individual patient regarding the risk/benefit ratio of starting treatment is an important part of our role as clinicians, as some CIS patients will never convert to MS and will suffer significant side-effects without any clear indication of benefit if treatment is initiated.
Magnetic resonance imaging has become the most important paraclinical tool to assist clinicians in forming a prognosis regarding a CIS patients' future risk of MS. The ONTT ten year follow-up data showed that 38% of ON subjects converted to MS over ten years, increasing to 56% if there was one or more T2 lesion on initial MRI 2 . In our study, 42.2% converted to MS over ten years; this rate is slightly higher than the 38% found in the ONTT ten year data. However, the ONTT used Poser's criteria for the diagnosis of MS, requiring a second clinical event, while we used the revised McDonald criteria, which incorporates MRI and cerebrospinal fluid oligoclonal bands (OCB) to fulfill the requirement of dissemination in space and time, which may account for the difference in our findings.
In a study of all CIS presentations (not restricted to ON), O'Riordan et al found 33% of patients with one typical demyelinating T2 lesion on MRI converted to MS within ten years, a figure which increased to 87% if the MRI had one or more typical demyelinating T2 lesion 5 . These findings have been confirmed by other studies 4, 6 . Barkhof et al found the accuracy of predicting the conversion to MS based on MRI was optimal at a minimum of 9 T2 lesions 16 , which was the basis for the MRI component of the McDonald diagnostic criteria. Clearly, MRI is an invaluable tool in the prediction of future risk of MS, but still leads to some inaccuracy.
Other studies have focused on the addition of OCB testing, in combination with MRI, to expand the definition of dissemination in space and time and to increase the accuracy of prediction of conversion to MS after a CIS. Oligoclonal bands have been 18 . However, the quality of CSF analysis for OCB is not uniform, affecting the accuracy and thus reliability of the results obtained 19, 20 . Additionally, OCB analysis requires an invasive procedure, lumbar puncture, which is not always acceptable to patients. Demographics and CIS characteristics have also been studied as additional predictors to improve the accuracy of MS diagnosis. A younger age at onset of CIS and ON as the first CIS, as opposed to another demyelinating event, have been found to increase the risk of conversion to MS 21 . Furthermore, a non-white race, younger age, and monofocal presentation were found to increase the risk of a second demyelinating event within one year of CIS presentation 22 . No previous studies have investigated the use of history-taking for events suggestive of previous demyelinating events, a standard part of a neurological evaluation, in the prognosis of CIS conversion to MS.
There are several weaknesses in our study. There may have been a selection bias in terms of which ON cases were managed by general ophthalmologists versus those referred to a neuroophthalmologist. Furthermore, in our study, there were 15 subjects who refused an MRI and thus could not be included in the analysis. Otherwise, however, there were a low number of subjects lost to follow-up (5.8%). Additionally, since this is a retrospective clinical cohort, OCB was not uniformly tested in all subjects. Finally, the ability to identify a past event suggestive of demyelination is dependent on the history-taking skills of the clinician which may differ from that of our neuroophthalmologist, affecting the accuracy of its predictive value.
CONCLUSIONS
Overall, our study indicates that a thorough clinical history, with an emphasis on past events suggestive of demyelination, may increase the yield of MRI in predicting a conversion to MS and may help clinicians further advise individual patients regarding their risk of developing MS.
